Introduction {#sec1-0300060519873256}
============

Visceral artery aneurysms are reportedly present in approximately 10% of autopsies. The estimated prevalence of splenic artery aneurysms (SAAs) is 60% among visceral artery aneurysms with a rupture rate of 25% and mortality rate of up to 70% after rupture.^[@bibr1-0300060519873256]^ An SAA should be treated when its diameter is \>2 cm, even if asymptomatic.^[@bibr2-0300060519873256]^ Treatment options include surgery, percutaneous coil embolization, and stent implantation.^[@bibr3-0300060519873256],[@bibr4-0300060519873256]^ Percutaneous interventional treatment for SAAs has become widespread because of its high success rate and low incidence of complications.^[@bibr3-0300060519873256],[@bibr5-0300060519873256][@bibr6-0300060519873256]--[@bibr7-0300060519873256]^ Transcatheter coil embolization is becoming an increasingly popular method for the treatment of SAAs.^[@bibr8-0300060519873256][@bibr9-0300060519873256]--[@bibr10-0300060519873256]^ Although some progress has been made in embolization techniques and materials for the treatment of SAAs during the past several years, aneurysms can recur during follow-up because of incomplete aneurysm embolization or reperfusion of collateral arteries.^[@bibr8-0300060519873256],[@bibr11-0300060519873256],[@bibr12-0300060519873256]^

Dense coil embolization is performed in our centers to reduce the recurrence rate of SAAs. The aneurysm sac and splenic artery (i.e., the inflow and outflow arteries) are densely embolized with coils. In the present study, we retrospectively analyzed patients with SAAs who were treated by elective transcatheter dense coil embolization in our two centers and underwent long-term follow-up. The technical and clinical outcomes of the procedure and its complications were assessed.

Materials and methods {#sec2-0300060519873256}
=====================

Patients {#sec3-0300060519873256}
--------

This study was approved by the institutional ethics committee of our medical centers, and written informed consent was obtained from all patients (approval number: KYLL-2019(Lu) 011; date: 18 February 2019). Consecutive patients diagnosed with SAA and treated with percutaneous transcatheter coil embolization from August 2010 to January 2018 were included in this retrospective study. Contrast-enhanced computed tomography (CT) was used to diagnose SAA and define the location, size, and shape of the aneurysm before the procedure and to perform follow-up examinations after the procedure.

All patients enrolled in this study met the following inclusion criteria a true SAA had been diagnosed, the largest diameter of the aneurysm was ≥2 cm, and the aneurysm was treated by elective transcatheter dense coil embolization. Patients who were more likely to have a pseudoaneurysm, severe cardiopulmonary disease, or uncorrectable coagulopathy were excluded. Patients with asymptomatic small true SAAs (diameter of \<2 cm) were regularly followed up. Embolization was considered for SAAs located in the main splenic artery, especially in the splenic hilum. To distinguish between true SAAs and pseudoaneurysms, we relied on risk factors (e.g., pregnancy, portal hypertension, and pancreatitis) and imaging characteristics. This process was carried out by two interventional radiologists with at least 10 years of experience.

Dense coil embolization {#sec4-0300060519873256}
-----------------------

All patients underwent SAA embolization after consultation with vascular and general surgery specialists. Written informed consent was obtained before the procedure. All angiography and embolization procedures were performed by experienced interventional experts. Antibiotic agents were not routinely used before the procedure.

The procedure was performed under local anesthesia using digital subtraction angiography. The right femoral artery approach was selected to insert a 5-Fr sheath in all patients. A 5-Fr Simmons angiography catheter (Cook Medical, Bloomington, IN, USA) was used to perform angiography of the celiac trunk and superior mesenteric artery. The collateral blood supply of the spleen and the location and size of the SAAs were identified. A coaxial microcatheter (2.7-Fr Progreat; Terumo Medical Corporation, Somerset, NJ, USA) was introduced to catheterize the aneurysm sac, outflow artery, and inflow artery. The dense coil embolization was performed in combination with packing using the sandwich technique.^[@bibr13-0300060519873256]^ Nester coils (Cook Medical) and Interlock coils (Boston Scientific, Natick, MA, USA) were densely inserted into the aneurysm sac and in the artery on either side of the aneurysm. The number of coils used and the average cost were positively correlated with the size and volume of the aneurysm. The number of coils used was also related to the coil diameter and length. Interlock coils with a diameter close to the aneurysm diameter were preferred for embolization. Other coils were densely packed in the target aneurysm to occupy the volume. Angiography was performed after embolization to confirm that no contrast flowed into the aneurysm sac.

Follow-up and study definitions {#sec5-0300060519873256}
-------------------------------

The primary care physician contacted the patients via telephone to perform the follow-up visit in the outpatient department. Contrast-enhanced CT or magnetic resonance imaging was performed to identify the coil packing and aneurysm recanalization at 1 and 6 months after the procedure and then annually thereafter. Abdominal contrast-enhanced CT images were acquired using a gemstone energy spectrum CT system (General Electric Medical Systems, Milwaukee, WI, USA).

Technical success was defined as complete termination of infusion into the aneurysm sac and inflow vessel after the angiogram. Clinical success was defined as no evidence of aneurysm reperfusion or rupture at follow-up. Complications related to the procedure were recorded, including postembolization syndrome, splenic infarction, splenic abscess, pneumonia, pleural effusion, and loss of appetite.

Statistical analysis {#sec6-0300060519873256}
--------------------

Continuous variables are expressed as mean ± standard deviation. The t test was used for comparison of the platelet count before and after the procedure. A P value of \<0.05 was considered statistically significant. All statistical analyses were conducted using SPSS version 24 (IBM Corp., Armonk, NY, USA).

Results {#sec7-0300060519873256}
=======

In total, 32 patients were included in this study (18 women, 14 men; average age, 43 years; range, 23--56 years). All aneurysms were located in the main splenic artery (5 in the proximal part of the splenic artery, 12 in the middle part, and 15 in the distal part). Eleven (34%) patients had portal hypertension, 10 had abdominal pain, and 4 had back pain. One patient was diagnosed with a ruptured aneurysm during pregnancy. The remaining six patients were asymptomatic. The baseline characteristics of the patients and aneurysms are shown in [Table 1](#table1-0300060519873256){ref-type="table"}.

###### 

Baseline characteristics of patients and aneurysms.

![](10.1177_0300060519873256-table1)

  Patient No.   Sex   Age (years)   Size (mm)   Location
  ------------- ----- ------------- ----------- ----------
  1             F     23            35          Distal
  2             F     53            22          Distal
  3             F     51            24          Middle
  4             M     28            28          Distal
  5             M     53            25          Distal
  6             F     26            27          Middle
  7             F     54            33          Distal
  8             M     56            31          Middle
  9             M     53            25          Middle
  10            F     54            23          Distal
  11            F     26            42          Middle
  12            F     53            22          Distal
  13            M     35            41          Proximal
  14            M     30            33          Distal
  15            F     29            24          Middle
  16            M     30            26          Distal
  17            F     54            23          Middle
  18            M     24            43          Proximal
  19            M     56            27          Distal
  20            F     54            23          Middle
  21            F     53            22          Proximal
  22            F     24            20          Distal
  23            M     30            34          Middle
  24            M     55            41          Middle
  25            F     54            26          Distal
  26            M     24            28          Proximal
  27            F     54            34          Distal
  28            M     53            26          Middle
  29            F     55            24          Distal
  30            M     25            31          Proximal
  31            F     56            42          Distal
  32            F     55            35          Middle

F, female; M, male.

All 32 aneurysms (mean size, 29.4 ±6.9 mm; range, 20--43 mm) were successfully embolized with coils during the first procedure, with complete cessation of contrast flowing into the aneurysm. The technical success rate was 100%.

Two (6%) of the 32 patients exhibited recurrent aneurysm flow during follow-up. Repeat intervention was performed to exclude the aneurysm. One of the two patients was a 23-year-old woman who was diagnosed with a ruptured SAA during pregnancy ([Figure 1(a)--(c)](#fig1-0300060519873256){ref-type="fig"}). The patient presented with hemorrhagic shock upon admission. After a rapid multidisciplinary consultation involving specialists in obstetrics and gynecology, general surgery, and interventional medicine, intracavitary treatment was deemed necessary. Angiography and coil embolization were urgently performed to ensure bleeding control immediately after the procedure ([Figure 1(d))](#fig1-0300060519873256){ref-type="fig"}. However, the aneurysm recurred 6 months later ([Figure 1(e))](#fig1-0300060519873256){ref-type="fig"}. The catheter was advanced through the collateral feeding artery to further densely embolize the aneurysm sac with coils ([Figure 1(f))](#fig1-0300060519873256){ref-type="fig"}. The aneurysm was completely occluded during the 4-year follow-up ([Figure 1(g), (h))](#fig1-0300060519873256){ref-type="fig"}. In the other patient with recurrent aneurysm flow, repeat intervention was performed 3 months after the first procedure. The recurrent aneurysm was managed with reperfusion of the collateral branch afferent to the left gastric artery. The aneurysm and target vessel were catheterized and coil-embolized. No evidence of aneurysm rupture or enlargement was found in the other 30 (94%) patients during the follow-up period (mean, 36 months; range, 6--72 months), and the clinical success rate was 94%.

![Images of a 23-year-old woman with a ruptured splenic artery aneurysm during pregnancy. (a) Preprocedural contrast-enhanced computed tomography. (b) Three-dimensional reconstruction image. (c) Preprocedural angiogram. (d) Postprocedural angiogram showing disappearance of the aneurysm. (e) Celiac angiogram 6 months later showing aneurysm recurrence. (f) A catheter was advanced through the collateral feeding artery to further densely embolize the aneurysm sac with coils. (g) Contrast-enhanced computed tomography 4 years after the procedure demonstrating no blood flow within the aneurysm. (h) Three-dimensional reconstruction image.](10.1177_0300060519873256-fig1){#fig1-0300060519873256}

No patients developed major adverse events related to the procedure, such as splenic abscess or pancreatitis. Splenic infarction with \<50% of the total volume occurred in eight patients who experienced mild left upper abdominal pain and fever 1 day after the procedure. These symptoms were classified as postembolization syndrome and treated with nonsteroidal anti-inflammatory drugs. Six of the eight patients had portal hypertension and thrombocytopenia and recovered well 1 week later with a significantly increased platelet count. The median platelet count was 59.3 × 10^9^/L before the procedure and 108.4 × 10^9^/L after the procedure (P \< 0.05). One patient developed a small amount of pleural effusion that resolved within a few days.

Discussion {#sec8-0300060519873256}
==========

Several authors have reported SAA as a rare but potentially life-threatening disease since Beaussier^[@bibr14-0300060519873256]^ first found this disease during an autopsy in 1770.^[@bibr15-0300060519873256]^ The SAAs were treated based on the natural history of this disease, which is poorly defined because of the high mortality rate of 10% to 40% following rupture.^[@bibr16-0300060519873256],[@bibr17-0300060519873256]^ Akbulut and Otan^[@bibr18-0300060519873256]^ reviewed 69 papers and reported that giant SAA with a diameter of \>5 cm was associated with a mortality of 33.3% in ruptured cases. Another literature review by Yagmur et al.^[@bibr19-0300060519873256]^ revealed that spontaneous rupture could be considered the most critical complication of splenic artery pseudoaneurysm. Therefore, the general consensus is that all splenic artery pseudoaneurysms and SAAs meeting the criteria should be treated to reduce the potentially life-threating risk associated with rupture.^[@bibr20-0300060519873256]^

Surgical treatment of SAAs was first successfully performed by Winkler^[@bibr21-0300060519873256]^ in 1905, and laparoscopic repair of SAAs was initially performed by Saw et al.^[@bibr22-0300060519873256]^ in 1993. Open surgery currently remains the gold standard treatment method. Other treatments such as aneurysmectomy and/or splenectomy, splenic artery ligation and/or aneurysmectomy, and distal pancreatectomy are occasionally performed when necessary.^[@bibr20-0300060519873256],[@bibr23-0300060519873256]^ The mortality and morbidity rates associated with open surgery are approximately 1.3% and 9.0%, respectively.^[@bibr20-0300060519873256]^ Laparoscopic excision is the treatment of choice in patients with small aneurysms and during early pregnancy. However, this procedure is not suitable in hemodynamically unstable patients and those with large aneurysms and dense adhesions.^[@bibr24-0300060519873256]^ Sticco et al.^[@bibr25-0300060519873256]^ analyzed a nationwide inpatient sample in the United States and found that endovascular treatment could be justified as the first treatment strategy for SAA instead of open surgery because of the lack of a significant difference in perioperative mortality and the lower resource cost and complication rate.

Endovascular treatment methods have become preferential because of their high technical success rates and low morbidity rates since Probst et al.^[@bibr26-0300060519873256]^ successfully performed the first transcatheter embolization in 1978.^[@bibr11-0300060519873256],[@bibr27-0300060519873256],[@bibr28-0300060519873256]^ These techniques provide alternatives to surgery, particularly for poor surgical candidates and patients with high operative risk.^[@bibr5-0300060519873256]^

Transcatheter embolization and endovascular stent grafting are the most common endovascular options. Although a stent graft can be used to achieve a patent main splenic artery, it cannot be applied in tortuous arteries. Percutaneous endovascular stent grafts have been described in case reports or small retrospective reviews.^[@bibr7-0300060519873256],[@bibr29-0300060519873256][@bibr30-0300060519873256]--[@bibr31-0300060519873256]^ Reed et al.^[@bibr32-0300060519873256]^ reported that endovascular stent repair failed in 2 of 10 patients because of excessive vessel tortuosity; therefore, coil embolization was used as a salvage treatment option.

Transcatheter coil embolization is an effective and safe approach among elective treatment methods. The reported success rate of this technique is 90% to 100%.^[@bibr4-0300060519873256],[@bibr5-0300060519873256],[@bibr7-0300060519873256]^ This rate is consistent with our findings. This technique is also recommended for ruptured aneurysms in high-risk patients.^[@bibr29-0300060519873256]^ In our study, a pregnant young woman with a ruptured SAA was successfully treated with transcatheter coil embolization.

Coils are the most commonly used embolic material. Embolization techniques often include coil deployment into the aneurysm sac or arteries on either side of the aneurysm. Aneurysms have recurred during follow-up in several studies because of incomplete aneurysm embolization or reperfusion of collateral arteries.^[@bibr8-0300060519873256],[@bibr11-0300060519873256],[@bibr12-0300060519873256]^ Yasumoto et al.^[@bibr33-0300060519873256]^ analyzed the clinical data of 16 patients with true SAAs to evaluate the relationship between the packing density of coils and recanalization, and they found that insufficient embolization and large aneurysms were more likely to lead to recanalization.

Two patients in the present study were found to have developed aneurysm recurrence during follow-up. We believe that this occurred because dense embolization was not achieved during the initial procedure. Aneurysm reperfusion can occur if the feeding vessels are not thoroughly embolized. Therefore, the aneurysm sac should also be thoroughly embolized because a potential blood supply via a gastric or mesenteric arterial branch may lead to aneurysm reperfusion.^[@bibr34-0300060519873256]^ To improve the embolization technique in the present study, the coils were densely inserted into the aneurysm sac (i.e., the inflow and outflow arteries of the aneurysm). After adopting this dense embolization technique, no aneurysms recurred during the long-term follow-up. Our study demonstrates that dense embolization can safely and effectively prevent aneurysm rupture and overcome aneurysm recanalization during long-term follow-up.

A common adverse event associated with coil embolization is splenic infarction.^[@bibr8-0300060519873256],[@bibr10-0300060519873256],[@bibr12-0300060519873256],[@bibr13-0300060519873256]^ Preservation of a patent splenic artery is not absolutely necessary because the spleen can be supplied by the collateral gastric and pancreatic vessels to prevent infarction.^[@bibr11-0300060519873256]^ However, preservation of this artery is beneficial for patients with portal hypertension and hypersplenism who are at high risk of hemorrhage due to thrombocytopenia. Percutaneous partial splenic artery embolization is commonly used as an effective method to treat thrombocytopenia caused by hypersplenism in the clinical setting.^[@bibr35-0300060519873256]^ In this retrospective study, six patients with portal hypertension and thrombocytopenia had a significantly increased platelet count. Improvement of thrombocytopenia reduces the occurrence of hemorrhage.^[@bibr36-0300060519873256]^ Among the 11 patients with portal hypertension, 6 (54.5%) developed splenic infarction, indicating that portal hypertension may be an important risk factor. Postembolization syndrome was noted in eight (25%) patients, all of whom recovered within 1 week. No patients developed severe complications such as splenic abscesses or pancreatitis.

This study had several limitations. First, this was a retrospective study with a small sample size, which could have led to selection bias and might have affected the generalization of the study findings. Second, although magnetic resonance imaging is the first choice for evaluating aneurysm recanalization to avoid the influence of coil artifacts with no exposure to ionizing radiation, contrast-enhanced CT was the only image modality used in some patients. CT is not sufficiently accurate to evaluate aneurysm due to coil artifacts.

In conclusion, percutaneous elective transcatheter coil embolization should be the first-choice treatment for SAAs. Dense embolization can safely and effectively prevent aneurysm rupture and overcome aneurysm recanalization during long-term follow-up.
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